The main limitations to umbilical cord blood (UCB) transplantation (UCBT) in adults are delayed engraftment, poor immunological reconstitution and high rates of non-relapse mortality (NRM). Double UCBT (DUCBT) has been used to circumvent the issue of low cell dose, but acute GVHD remains a significant problem. We describe our experience in 32 subjects, who underwent DUCBT after reduced-intensity conditioning with fludarabine/melphalan/ antithymocyte globulin and who received sirolimus and tacrolimus to prevent acute GVHD. Engraftment of neutrophils occurred in all patients at a median of 21 days, and platelet engraftment occurred at a median of 42 days. Three subjects had grade II-IV acute GVHD (9.4%) and chronic GVHD occurred in four subjects (cumulative incidence 12.5%). No deaths were caused by GVHD and NRM at 100 days was 12.5%. At 2 years, NRM, PFS and OS were 34.4, 31.2 and 53.1%, respectively. As expected, immunologic reconstitution was slow, but PFS and OS were associated with reconstitution of CD4 þ and CD8 þ lymphocyte subsets, suggesting that recovery of adaptive immunity is required for the prevention of infection and relapse after transplantation. In summary, sirolimus and tacrolimus provide excellent GVHD prophylaxis in DUCBT, and this regimen is associated with low NRM after DUCBT.
Introduction
Umbilical cord blood (UCB) transplantation (UCBT) is a viable option for patients requiring allogeneic transplantation when a suitable adult donor is not available. The main limitation to the broader use of UCBT is the small number of hematopoietic progenitors found in an UCB unit. As a result of this low number, engraftment is often delayed, immunologic reconstitution is less complete, and treatmentrelated mortality often exceeds that seen with traditional adult donors. 1, 2 Several strategies have been used to ameliorate outcomes after UCBT, including the use of reduced-intensity conditioning (RIC), and the simultaneous or sequential transplantation of two UCB units (double UCBT, DUCBT). The engraftment characteristics of DUCBT appear to be similar to that of traditional BMT, with a median time to neutrophil engraftment of approximately 12-23 days. 3, 4 Although UCBT is often associated with a reduction in the incidence and severity of acute GVHD, 2 our previous experience and the experience of the Minnesota group has demonstrated that GVHD remains a challenging problem after DUCBT. 3, 4 In adults, the use of cyclosporine and mycophenolate mofetil is associated with a grade II-IV acute GVHD rate of 40-58%. 3, 5 We hypothesized that the use of sirolimus and tacrolimus in the DUCBT setting would lead to a reduction in the rate of grade II-IV acute GVHD.
Sirolimus is a potent immunosuppressant that prevents T cell-mediated alloimmunity through a variety of mechanisms. 6 In addition, it may also be immunosuppressive through its effects on APCs. 7 We have previously demonstrated that sirolimus is efficacious in preventing acute GVHD after related and unrelated adult donor transplantation. 8 The use of sirolimus in UCBT would be particularly attractive, as CMV reactivation after UCBT is common, and sirolimus may have independent suppressive effects on CMV. 9 This report details our phase II experience using the immunosuppressive regimen of sirolimus and tacrolimus after RIC and DUCBT.
Methods
This research protocol was reviewed and approved by the Institutional Review Board of the Dana Farber/Harvard Cancer Center. Written informed consent was obtained from all patients before the enrollment and participation. The trial was prospectively registered at http://www.clinical trials.gov (NCT00133367).
Patients
Patients were eligible to participate in this research study if they had no 6/6 or 5/6 HLA-matched related donor or 10/10 matched unrelated donor, or if an unrelated donor was not available within the time frame necessary to perform a potentially curative SCT. Patients were between the ages of 18-65 years, had an Eastern Cooperative Oncology Group performance status of 0-2, had adequate measures of hepatic and renal function and met standard transplant eligibility criteria including cardiac ejection fraction 440% and a diffusing capacity of the lung for carbon monoxide 450% of predicted.
Malignant disease criteria for the entry included acute leukemia in second or subsequent remission or in first remission with adverse cytogenetics or an antecedent hematologic disorder. Patients with myelodysplastic syndrome were eligible with any World Health Organization subtype. Patients with CML were eligible if they had accelerated or second stable phase disease, or were intolerant to tyrosine kinase inhibitors. Patients with lymphoma were eligible in second or subsequent CR or with chemotherapy-sensitive PR. Patients with CLL had Rai stage III or IV disease, a lymphocyte doubling time of o6 months, or with earlier stage disease after disease progression with X2 chemotherapy regimens, while in PR.
HLA typing and umbilical cord unit selection UCB units were obtained from a variety of national and international registries. UCB units had to meet a minimum combined pre-cryopreservation cell dose of 3.7 Â 10 7 total nucleated cells (TNC)/kg and each individual unit was required to have a minimum of 1.5 Â 10 7 TNC/kg prior to cryopreservation. Confirmatory HLA typing was performed on all UCB units before the transplantation using PCR and sequence-specific primer technology (One Lambda, Canoga Park, CA, USA). UCB units were required to be a 4/6 match or better at the allele level for HLA-A, -B and -DRb1 with each other and with the recipient. Typing at HLA-C and -DQ was performed but was not used in the search strategy. The choice of UCB units, when multiple units were available, was hierarchically based on a higher cell dose, greater HLA compatibility and a younger age of the cord blood unit. Other factors considered in selection were, when available, CD34
þ cell dose, colony-forming unit assays and cellular viability testing. All units were screened for hemoglobinopathies.
Treatment plan
Patients received pretransplant conditioning therapy with fludarabine (30 mg/m 2 /day) on 6 consecutive days (days À8 through À3; total dose 180 mg/m 2 ), melphalan (100 mg/m 2 ) on day À2, and rabbit antithymocyte globulin (thymoglobulin, 1.5 mg/kg/day) on 4 alternating days (days À7, À5, À3, À1; total dose 6.0 mg/kg). UCB stem cells were infused on day 0. UCB units were thawed according to the methods of Rubinstein et al., 10 and administered sequentially between 1 and 6 h apart. The larger of the two units, based on precryopreservation TNC dose, was administered first.
GVHD prophylaxis began on day À3 and consisted of continuous intravenous infusion tacrolimus (target serum level 5-10 ng/mL) and a 12 mg oral loading dose of sirolimus. Sirolimus was then dosed orally once daily to maintain a serum trough level of 3-12 ng/mL, as previously described. 8 Tacrolimus was given orally before the discharge. In the absence of GVHD, both GVHD prophylaxis agents were tapered from day 100 through 180, or earlier at the discretion of the treating physician. GVHD was graded according to the consensus criteria.
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After transplantation, patients received supportive care with transfusion support. Bacterial prophylaxis consisted of levofloxacin until neutrophil engraftment. Antifungal prophylaxis consisted of fluconazole until day þ 100. All patients received acyclovir as antiviral prophylaxis. Prophylaxis against Pneumocystis jirovecii was started upon hospital discharge. Monitoring for reactivation of CMV was performed weekly, whereas monitoring for EBV and human herpesvirus-6 reactivation were performed every other week. Pre-emptive therapy against CMV was administered upon viral reactivation.
Filgrastim (5 mcg/kg/day) was administered from day þ 5 until the absolute neutrophil count was greater than 2.0 Â 10 9 cells/L for 2 consecutive days. Donor chimerism was monitored according to previously described methodology. 3 Briefly, unfractionated donor chimerism was determined from PBMCs by analyses of informative short tandem repeat loci using the ABI Profiler-Plus Kit (Applied Biosystems Inc, Bedford, MA, USA) and the ABI 310 Genetic Analyzer. Chimerism was measured routinely at 30 and 100 days, and then regularly through the first 2 years after transplantation. Results are expressed as a median of two simultaneous assays, with a 5% margin of error.
Immunologic reconstitution monitoring
Whole blood was collected in EDTA containing lavender top tubes (Kendall Vacutainer, Mansfield, MA, USA). The blood samples were obtained from patients immediately before the transplantation and at 4, 8, 12, 26 and 52 weeks after transplantation. Leukocyte populations and specific lymphocyte subpopulations were analyzed by flow cytometry using fluorescence-conjugated monoclonal antibodies directed against lineage-specific cell surface markers. Flow cytometry was performed using either a FC500 (Beckman Coulter, Miami, FL, USA) or a BD FACSCanto (BD Biosciences, San Jose, CA, USA) flow cytometer and data was analyzed using either Beckman Coulter CXP software or BD FACSDiva software.
Thymopoiesis was measured via analysis of T cell receptor excision circles (TRECs). DNA was isolated from PBMCs using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA), and the DNA concentration determined by standard spectrophotometry. The quantitation of signal-joint TREC DNA was performed using Taqman real-time PCR following a previously described method using a Rotor-Gene 6000 thermal cycler (Corbett Life Science, Sydney, Austrialia). 12 Quantitation of the signaljoint TREC copy number for each patient sample was performed using a standard curve prepared with 10-fold dilutions of a plasmid containing the signal-joint TREC sequence (kindly provided by Dr D Douek, NIH, Bethesda, MD, USA).
Statistical design and analysis
The study was designed as a single stage phase II trial. A sample size of 32 patients was planned with the hypothesis that the rate of GVHD would be less than 50%. With this design, the probability of concluding the rate is acceptable is 0.84 if the true underlying rate of developing grade II-IV acute GVHD was 40% and 0.09 if the true rate was 60%, using an exact binomial distribution.
Patients Cumulative incidence (CI) curves for acute GVHD and chronic GVHD were constructed reflecting early death and death or relapse as competing risks, respectively. CI curves for non-relapse mortality (NRM) and relapse with or without death were constructed reflecting time to relapse and time to NRM as competing risks. Time to relapse and time to NRM were measured from the date of stem cell infusion. OS was defined as the time from transplant to death from any cause, whereas PFS was defined as the time from transplant to progression or death from any cause. Surviving patients were censored at their date of last known follow-up. OS and PFS estimates were calculated using the method of Kaplan and Meier. 13 Univariable and multivariable Cox regression analyses were performed for OS and PFS. Cellular phenotype data were included as log 10 -transformed time-varying covariates in the Cox model. All P-values are based on two-sided tests, and were computed using SAS v9.2 software (SAS Institute, Cary, NC, USA).
Results
In all, 32 sequential eligible subjects underwent DUCBT and are all included in this analysis. Patient and UCB characteristics are shown in Table 1 . The median age was 53 years, whereas the median weight was 75.9 kg. The median time from diagnosis to DUCBT was 24.9 months (range 1.9-176.9 months), and the majority of patients had advanced lymphoid malignancies. The majority of patients had high-risk malignancies per standard criteria (63%).
UCB units and engraftment
Full cellular characteristics of the UCB units are available for 30 of the 32 recipients. The median single UCB size was 2.43 Â 10 7 TNC/kg before the cryopreservation (range 1.51-3.94). The first infused unit had a median cell count of 2.67 Â 10 7 TNC/kg, whereas the smaller second infused unit had a median cell count of 2.33 Â 10 7 TNC/kg before the cryopreservation. When combined, the median total cell dose administered to recipients was 5.16 Â 10 7 TNC/kg before the cryopreservation (range 3.66-7.58). The median number of CD34 þ progenitors before the cryopreservation in the individual UCB units was 0.9 Â 10 5 CD34 þ /kg (n ¼ 29 and 25 for the two units, range 0.2-3.4). When combined, the median dose of CD34 þ progenitors was 1.9 Â 10 5 CD34 þ /kg (range 0.5-4.1). The CI of neutrophil engraftment was 100%. Recipients attained an absolute neutrophil count of 0.5 Â 10 9 /L at a median of 21 days from transplantation (range 13-70 days) ( Figure 1 ). There were no cases of primary graft failure, however, three subjects had late graft loss. All three of these patients eventually had a recurrence of their malignancy, although graft rejection occurred in the absence of obvious malignant relapse. Three subjects did not attain platelet engraftment and transfusion independence. Overall, the median time to platelet engraftment was 42 days (range 25-162 days) (Figure 1) . A total of 23 subjects attained a platelet count of 100 Â 10 9 /L and the median time to attain this platelet count was 89 days (range 26-209 days).
When stratified into two groups, based on the combined TNC dose above or below a cutoff of 5.0 Â 10 7 TNC/kg, selected based on the median, there was no relationship between TNC and the time to neutrophil or platelet engraftment (P ¼ 0.32 and P ¼ 0.25 respectively). Similarly, there was no relationship with the combined CD34 þ cell dose (cutoff of 2.0 Â 10 5 CD34 þ /kg) administered and neutrophil or platelet engraftment (P ¼ 0.55 and P ¼ 0.91, respectively).
GVHD
Three subjects experienced grade II-IV acute GVHD at a median of 21 days from transplantation. Two subjects had isolated skin stage 3 GVHD (overall grade II GVHD), whereas the third subject had both skin and hepatic stage 3 disease (overall grade III GVHD). The CI of acute GVHD at 100 days was 9.4% (s.e. ¼ 5.2%). There were no deaths attributable to acute GVHD.
Four subjects were diagnosed with de novo chronic GVHD at a median of 212.5 days from transplantation. The CI of chronic GVHD at 1 year was 12.5% (s.e. 6.0%). All four subjects had cutaneous involvement, and one subject had additional oral involvement and bronchiolitis obliterans. One patient died of sepsis, while on immunosuppression for chronic GVHD. The other three patients died of relapse, secondary malignancy and trauma, respectively.
Treatment-related toxicity and mortality
The conditioning regimen was well tolerated. There were no cases of idiopathic pneumonia syndrome, thrombotic microangiopathy or veno-occlusive disease of the liver. One subject developed massive proteinuria requiring discontinuation of sirolimus, and two others developed an acneiform rash related to sirolimus not requiring discontinuation. CMV disease occurred in one subject despite a DNA-based monitoring and pre-emptive treatment strategy. Four patients developed meningoencephalitis, with the causative agent being human herpesvirus-6 and EBV in two subjects each. EBV reactivation led to the occurrence of post-transplantation lymphoproliferative disease (PTLD) in five individuals; all of these cases eventually were fatal.
NRM at 100 days from transplantation was 12.5% (s.e. 5.9%). At 2 years, NRM was 34.4% (s.e. 8.6%) (Figure 2 ).
Chimerism
Chimerism measurements at day 100 ( ± 30 days) were assessed to determine the relative contribution to hematopoiesis in 29 surviving patients. At day 100, single umbilical cord dominance (defined as 480% contribution to hematopoiesis) was noted in 18 of 29 patients (62%), with both cords contributing to hematopoiesis in eight subjects. Three subjects had no evidence of cord engraftment at day 100 despite having evidence of donor chimerism at earlier time points. Of the 18 subjects with single cord predominance at day 100, 12 subjects had single cord hematopoiesis only, with no evidence of contribution by the other unit. Five of these 12 subjects had evidence of single unit early graft rejection or loss, as there was never any evidence of dual chimerism. Of the 18 subjects with single unit predominance at day 100, the first infused cord was responsible for the majority of the hematopoiesis in 11 (61%), whereas the second infused cord blood unit was and relapse.
Sirolimus for RIC DUCBT C Cutler et al responsible in the remaining 7 (39%) subjects. Thus, there was no statistical evidence that the initial cord infused was more likely to contribute to hematopoiesis in this limited sample (90% CI for the likelihood of equal contribution of two cord units 29-71%).
PFS and OS
The median follow-up of survivors is 48 months (range 30-62). To date, 12 subjects have relapsed. Seven of these patients had advanced lymphoid malignancies at the time of transplantation; however, five of these subjects remain alive. The median time to relapse after transplantation was 12.6 months (range 2.7-30.0), and the CI of relapse was 34.4% (s.e. 8.6%) at two years ( Figure 2 ). PFS at 2 years is 31.2% (s.e. 8.2%), and OS at 2 years is 53.1% (s.e. 8.8%) (Figure 3 ). Causes of death are summarized in Table 2 .
In a univariate analysis of factors related to outcome, age X50 years at the time of transplantation was associated with inferior OS, but not PFS (hazard ratio (HR) 3.37, 95% CI 1.14-9.88, P ¼ 0.03 for OS, HR 
Immunologic reconstitution
The reconstitution of lymphocyte and monocyte populations was measured by flow cytometry in 27 subjects ( Figure 4) . The recovering CD4 þ T cell population had a predominantly memory phenotype (CD45RO þ ) and the naive CD4 þ population (CD45RA þ ) did not begin to recover until 6 months after transplantation (Figure 4b) . Restoration of normal median values for both CD4 þ
CD45RA
þ and CD4 þ CD45RO þ T cells was not observed until we examined six patients who survived 2 years from transplantation (data not shown). Similarly, CD4 þ regulatory T cells (CD4 þ CD25 þ ) recovered very slowly and remained at low levels in peripheral blood throughout the first year after transplantation. CD8 þ T cells also recovered gradually and were also predominately of memory phenotype (CD45RO þ ) in the first 3 months after transplantation (Figure 4c ). CD8
þ T cells with a naive phenotype (CD45RA þ ) began to recover 3-6 months after transplantation. In contrast to CD4 þ T cells, the median values of CD8 þ CD45RA þ and CD8 þ CD45RO þ T cells reached the lower limits of normal values by 1 year after transplantation. Commencing at 6 months and continuing through 1 year after transplantation, there was a dramatic increase in CD20 þ B cells resulting in the restoration of normal cell numbers. CD56 þ 16 þ natural killer cells maintained their pretransplantation level throughout the course of this study, at values slightly below the normal range, until 1 year after transplantation when they reached normal levels (Figure 4d ). The median value for CD14 þ monocytes doubled their pretransplantation level at 1 month after transplantation before falling to near pretransplantation values at 8 weeks and remained steady up to 12 months after transplantation. The CD14 þ monocyte population remained at or above the upper limit of the normal control range throughout our study (Figure 4e ).
In accordance with our analysis of CD4 þ and CD8 þ T cell numbers, median TREC values were below the limit of detection until 12 weeks after transplantation. We saw a substantial increase in the TREC copy number at 6 months (median number 117 copies/mg DNA), 1 year (median number 2136 copies/mg DNA) and 2 years after transplantation (median number 6749 copies/mg DNA). This increase in TREC copy number paralleled the increase in CD4 þ
þ naive T cell numbers from 6 months to 12 months after transplantation and the concordant plateau in CD4
þ memory cells. In multivariable models adjusted for age, HLA matching and risk group examining reconstitution of time-varying cellular immune parameters and outcome, several parameters were associated with both PFS and OS. Total lymphocyte count and lymphocyte subsets (CD3
were all associated with improved OS. The maximal TREC value at 2 years (X2000 vs o2000 copies/mg DNA) achieved per patient (N ¼ 22), was also associated with improved OS, in a non-time varying covariate model. Only recovery of CD56 þ CD16 þ natural killer cells and maximal TREC copy number at 2 years were associated with improved PFS in univariate timevarying and non-time varying univariate models, respectively (Table 4) .
Discussion
In this study, we report favorable GVHD outcomes after reduced-intensity double UCB SCT when sirolimus and tacrolimus are used as GVHD prophylaxis. GVHD rates were very low, and in addition, we demonstrate early engraftment and low 100 day NRM. At 2 years, OS was over 50% in a cohort of patients with high-risk malignancies, including a high proportion of patients with resistant lymphoid malignancies.
The most striking difference in this experience in comparison with previous DUCBT studies is the rate of acute GVHD. Using an identical RIC regimen and UCB selection algorithm, we previously reported a 40% incidence of grade II-IV acute GVHD when cyclosporine and mycophenolate mofetil were used as GVHD prophylaxis. 3 When comparing cohorts, this reduction was statistically significant (P ¼ 0.035) and not because of an excess in the former series, as the rate of 40% was similar to the larger Minnesota series, in which the rate of grade II-IV acute GVHD was reported to be as high as 58% in a sample size of 185 indivduals, 5 although HLA matching for class I loci was only at the Ag level. In that analysis, when compared with single UCB transplantation, the use of two UCB units, omission of ATG in the preparative regimen and RIC were risk factors for the development of acute GVHD. Similar risk factors for acute GVHD were found in a retrospective database review by Eurocord-Netcord focusing on patients with lymphoid malignancies, where univariate analysis demonstrated an association between recipient age, total body irradiation use, lack of ATG use and RIC as risks for acute GVHD.
14 Although the risk of acute GVHD was increased in patients receiving double in comparison with single UCB transplantation (32 vs 22%), this result was not statistically significant.
The reduction in acute GVHD is likely related to the introduction of sirolimus and tacrolimus as GVHD prophylaxis, and not the use of ATG, which was used in a similar fashion in our previous experience. Used extensively at our center since 2000, our previous results in adult PBSC transplantation have demonstrated impressive reductions in grade II-IV and grade III-IV acute GVHD in the related and unrelated donor settings. 8 Although associated with an increase in the relative risk of treatment-related morbidity associated with thrombotic microangiopathy 15 and veno-occlusive disease, 16 these apparent increases were not noted in this experience, as much of this increased risk is thought to be related to the interplay between myeloablative conditioning regimens and endothelial injury associated with sirolimus.
In all, 11 subjects relapsed, 7 of whom had lymphoid malignancies, leading to a CI of relapse at 2 years of 34.4%. This is similar to a recently described series of 65 patients with low or intermediate grade lymphoid malignancies, who received RIC followed by single (14%) or double (86%) UCB transplants, in which the CI of relapse at 3 years was 42%, with longer follow-up than in our series. 17 We have previously described an effect in relapse prevention when sirolimus is used following RIC and transplantation of adult stem cells in patients with lymphoid malignancies. 18 It is well known that the mammalian target of rapamycin inhibitors possess independent antitumor activity in lymphoid malignancies, 19 and therefore, the postulate that maintenance immunotherapy with these agents after transplantation can both prevent GVHD and relapse is attractive, as other attempts to prevent GVHD (such as T cell depletion) generally increase the risk of relapse. 20 The utility of sirolimus to prevent relapse in the cord blood setting remains unknown as small samples sizes and differences in tumor characteristics preclude direct comparison of relapse rates between cohorts.
In this experience, we noted a higher than expected occurrence of reactivation of EBV with subsequent EBVrelated PTLD (crude incidence 15.6%). This rate of EBVrelated disease is in line with other large retrospective reviews of the literature, wherein the incidence of EBV-PTLD was noted to be the highest in patients who underwent non-myeloablative conditioning with ATG as part of the preparative regimen. 21 As sirolimus use is associated with a reduced incidence of reactivation of CMV in adult stem cell 9 and less clearly in renal transplantation, 22, 23 we hypothesized that the administration of sirolimus as primary GVHD prophylaxis would result in a reduced incidence of EBV reactivation and PTLD. Some of the mechanisms behind sirolimus' inhibitory function in EBV disease have been elucidated, and include the inhibition of IL-10 secretion by transformed tumor cells, a necessary autocrine signal for tumor growth. 24, 25 Presumably, in the absence of a memory T cell response against EBV Ags, and in the presence of other immunosuppressants, a permissive environment for EBV-transformed lymphocytes was established and PTLD ensued. This underscores the need for the development of novel therapeutics for the treatment of established PTLD, as our high incidence of transformation to aggressive PTLD occurred despite alternate weekly DNA-based EBV monitoring, in contrast to other reports. 26 In addition, others have reported favorable outcomes with the early administration of rituximab, 26 whereas all patients treated with this agent in our series had progressive disease, and some individuals had a disease course that was too fulminant to permit the administration of this drug. Moving forward, we plan on reducing the dose of ATG in the preparative regimen in an attempt to reduce the rate of PTLD. An alternative strategy would be to administer rituximab to all transplant recipients early after transplantation.
In this analysis, we were unable to demonstrate a correlation between pre-transplantation graft characteristics and overall and PFS outcomes. However, several parameters associated with post-transplantation graft recovery were significantly associated with improved outcome. For example, improved CD3 þ lymphocyte recovery (of both CD4 þ and CD8 þ subsets) was associated with an improvement in OS, whereas measures of T cell neogenesis and thymopoiesis such as TREC measurements were also correlated with an improvement in PFS. Small sample sizes precluded correlations between dominant cord blood units and transplant outcome.
Recovery of thymopoiesis as determined by TREC analysis was delayed and incomplete compared with recipients of adult stem cell grafts, who reach normal TREC numbers within 3-12 months after transplantation. 27, 28 Quantitative TREC recovery was also inferior to that observed in pediatric recipients of cord blood allografts. 29, 30 The differences in the kinetics and the quantitative recovery of thymopoiesis in these patient groups may be related to the regenerative properties of UCB, residual thymic activity in pediatric patients, the use of two UCB units or the immunomodulatory effects of our GVHD prophylaxis regimen. There is reason to suspect that either or both of the latter two explanations may be responsible, as our patient group displayed an improved thymic regeneration profile compared with a previously reported group of adult recipients of single UCB grafts, who had a nearly universal lack of thymic recovery for 12 months after transplantation 31 . Regardless of the reasons contributing to this difference, our data provides evidence that functional thymic regeneration can successfully recover after cord blood transplantation in adults and represents a critical parameter that governs PFS. The recovery of innate immunity after transplant may also have been improved, as the recovering natural killer cell population remained relatively constant after transplantation, and these cells may have antitumor activity after UCBT. 32 In summary, we demonstrate that DUCBT in adult recipients using sirolimus and tacrolimus as GVHD prophylaxis is effective therapy in advanced hematologic malignancies. The rates of acute and chronic GVHD using this GVHD prophylaxis regimen are low, and the treatment-related morbidity and mortality is also acceptably low. Immunologic reconstitution after DUCBT is related to overall outcome, related to either fewer opportunistic infections, or potentially even to enhanced graft-vs-tumor effects.
